SHORT STRUCTURAL PAPERS is markedly different from the average of 65 + 5 ° at the other six carbon-carbon single bonds. These distortions may result from the geometrical requirements of accommodating the seven-membered ring into the chelating system.
. Stereoscopic ORTEP drawing of spermine copper(II) perchlorate.
is markedly different from the average of 65 + 5 ° at the other six carbon-carbon single bonds. These distortions may result from the geometrical requirements of accommodating the seven-membered ring into the chelating system.
The bond lengths in the perchlorate ion of CI(1) are 1.405 (7), 1.422 (7), 1.423 (8), and 1.436 (8), average 1.422 + 0.011 A. Those in the second perchlorate ion are 1-32, 1.38, 1.39, and 1.40, average, 1.37 +0.03 A; the thermal parameters for these oxygen atoms are, however, all quite high, so that the positions of these atoms are much less certain.
3"27, Dx=3"276 g cm -3. Material from Kiura Mine, Oita, Japan. Each AsO 4 tetrahedron shares its vertices with four FeO4(OHz)2 octahedra and vice versa. With Fe...O distances of 2.061 (5) and 2.125 (5) A, the two water molecules coordinate to the metal ion in the cis position and donate two and one short hydrogen bonds, respectively, to arsenate oxygen atoms.
Introduction. Precession photographs exhibited orthorhombic symmetry. The systematic absences are hkO for h odd, Okl for k odd and hOl for l odd. Cell dimensions were determined from setting angles of a fourcircle diffractometer. The intensity data of 1878 independent reflexions with 20 < 60 ° were collected from a crystal of dimensions 0.12 x 0.11 x 0.10 mm on a Rigaku automatic four-circle diffractometer; a graphite monochromator, Mo Kct radiation and a 0-20 scan technique were used. Intensities of 183 reflexions smaller than 2a(F) were considered to be zero, where (17) a(F) was determined from counting statistics. No correction for absorption (/z= 109 cm -1) was applied.
A block-diagonal least-squares refinement on F was started from non-hydrogen atom parameters reported by Kiriyama & Sakurai (1949 Ra[={~w(lFol-lFcl)2/~wF2} m] was 0.048. Threedimensional difference Fourier maps were checked at this stage, but it was not possible to detect any of the hydrogen positions. All ripples observed were lower than 2 e A-3.
As the refinement with the anomalous dispersion corrections, Af' and Af" for As and Fe, did not converge below R2 = 0.078, it was terminated without these corrections. The computations were carried out on an NEAC 2200/700 at the Computer Center, Osaka University.
The programs RSSFR-5, HBLS-IV and RSDA-4 in the UNICS program system (1967) were used with some modifications. The final positional and thermal parameters are given in Tables 1 and 2 .* Discussion. The structure of scorodite is of considerable interest as regards the chemical nature of the water of crystallization. In the early 'precomputer' analysis, only 160 reflexions were measured by a photographic method. The refinement was undertaken with a sample from the same locality.
The crystal structure consists of AsO4 tetrahedra and FeO4(OH2)2 octahedra connected alternately at vertices. None of the water oxygens participates in this linkage. The packing and the connexion of these polyhedra are illustrated in Fig. 1 . Interatomic distances and angles are listed in Table 3 . Arsenate groups and ferric ions form a three-dimensional framework, {FeAsO4}~, which has wide channels parallel to c. Water oxygens, O(W1), stack one above the other at intervals of c/2 to fill these channels, while water oxygens O(W2) fill other open spaces among these channels. The water oxygen O(WI) acts as the hydrogenbond donor to two arsenate oxygens belonging to other octahedra at distances of 2.603 and 2.697 A. O(W2) bonds in a similar way to only one oxygen at a distance of 2-643/~, and the remaining hydrogen atom does not participate in any hydrogen bonding. The infrared spectra of a hydrothermally synthesized sample are consistent with the present result.
In the case of InPO4.2H20, isomorphous with scorodite, the water oxygen in the channel, O(W1), is close to three phosphate oxygens other than those in the same octahedron and the dissociation of water molecules to OH+ and OH-has been suggested (Mooney-Slater, 1961) . Such pseudo-water species, however, have not been found in metavariscite, A1PO4.2H20; two types of water molecules are bound to the nearest phosphate oxygens with two normal and two bifurcated hydrogen bonds, respectively (Kniep & Mootz, 1973) . Furthermore, in contrast to InPO4.2H20, the distances of Me-O(W1) are shorter than those of Me-O(W2) for both scorodite and metavariscite. Thus, the bond nature of water in scorodite is more similar to that in metavariscite, in spite of the different space group, than to that in the isomorphous InPO4 2H20.
The variation of hydrogen-bonding schemes in these homologous compounds seems to reflect the difference in size ratios of the cations to the anionic clusters and also in amphotericity of the trivalent cations.
